. TECHNICAL MEMORANDUMS
¥/, , NATIOWAL ADVIGORY COMMKITTEE FOR AERONAUTICS
\ ¢ ol ‘/; (\\/:(f// // \./

& \—/‘L’ "- >
/.

Ve

No. 493

INFLUENCE OF FUSELAGE ON PROPELLLR DESIGN

By Theodor Troller

From Zeltscquft fur Flugtechnik und Motorluftsobl fahrt
July 28, 1988 _

Washington |
December, 19238




===

MUNIHIMIIHIllﬂllmININIHII!IMIWIIHUIIHIIHI

76 01440 2169

WATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

e N W

TECHNICAL HEMORANDUM NO.. 492.

B

INFLUENCE OF FUSELAGE ON PROPELLER DESIGN.*

By Thecdor Troller.

The works of Bilenen, Von Karman and Helmboldt have given.

a simple and sufficiently aczcurate method for designing detached

propellers.** Previous proposals for the design of propellers
for actual working conditions and the method for the determina-
tion of the best pessible efficiency of propulsion of an assem-
blage of screw-propelled bodies were not so thoroughly worked
out. The best treatise on this subject is probably the one by
Helmboldt. ***

In the present paper I shall not consider the problem of
the best arrangement of airplane and propeller, but only a sim-
ple method for designing a propeller for a given arrangement of
the airplane parts. The inflow to the propeller and hence the

efficiency of the propeller is affected most by the fuselage.

*MZur Beruoks1hht1gung des Rumpfes beim Luftschraubenentwurf,!
a communicatien from the Aerodynamlo Inotltute of the Aachen
Technical High School, Zeitschrift fur Flugtechnik und Motorluft-
gschiffahrt, July 28, 1928
© *%Bienen and Von Karman V.D.I. (Zeitschrift des Vereines deut-
scher Ingenieure), 1934; Helmboldt, "Zur Aersdynamik der .Treib-
| schraube," Zeitschrift fur Fluvtechnlk und Motcrluftschiffahrt,
g 1924.
) ***Helmboldt, "Nachstremschrauben," Werft, Reederei, Hafen, 1927,
; and "Ueber den Vortr1ebsw1rkungsgrad " Werft Reederel Hafen,
April, 1928. See also A. Betgz, "Con51deratlons on Propeller
Efficiency" (N.A.C.A. Technical Memorandum No. 481, 1928), and
"Pro§eller Problems" (N.A.C.A. Technical Memorandum No. 491,
1928).
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N.A.C.A. Technical Memorandum No. 492 2

The effect of the wings and of the other parts lying in the pro-
peller”slip stréam“isjmuch less and is also more difficult to |
determine.

In order to determine the influence of the fuselage on the
propeller design, we must first ascertain the flow conditions
in the plane of the propeller, which are affected by the shapé
of the fuselage. Instead of the troublesome experimental inves-
tigation of the flew about the fuselage, a mathematical method
can be used with good approximgtion. The fuselage is approxi-
mately represented by a body of revolution and the latter in
turn by a system of sources and sinks corresponding to the method
employed by Von Karman for calculating the pressure distribution
on the hull of an airship.* The sources and sinks are shown in
constant strength over a stretch a along the axis.

It follows that the stream function of the resultant flow

is
"
R O
in which ’
U = alr speed in hcrizontal flight,
Qi = streﬁgth of séurce in section 1,
pik'j piﬁt = ‘distance of reference point from front

' or rear end of a scurce stretch,
ry = distance of reference point from axis,

a = length of source strétch.

*Von Karman, "Berechnung der Druckverteilung an Luftschiffkdr-
pern," Abh. a.d. Aerodyn. Inst. d. T. H. Aachen, No. 6.
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The source strengths are calculated from the streamline
¥ .= 0, which must yield the &xis and the surface curve of the
fuselage. For determining the n source strengths the equa~
tion of the streamline V¥ = 0, yields =n equationsg by taking
n points of the surface curve for reference points. If we
put | h

Q1  Pix! - Pix
= %3 and 1 + = Cj

we thus cbtain

c + + c LY
11 % Caq Zg +Cni 2n = <§“/',
2

In
Cln Zl -+ Ogn Zg - ;--Cnn Zn = <_a,_->.

Sinrce we are here interested only in the flow in the plane
of the propeller, i.e., at the nose of the fuselage, it is only
necessary to replace the btaw by the system of sources and sinks.
A small number (3-5) of constant source stretches will furnish
a close encugh approximation for our present purpose. Since,
however, 2 systematic solution of the system of equations with
sufficient mathematical accuracy would require too extensive
calculations, it is preferable to solve the eqQuations by estimat-
ing the roots and By verifications. After the values 3z, and
hence the source strengths, are thus found, the velocities in

the plane of the propeller become
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n
ux = U - U % 151 (pik" - p%ki>zi7
vr = Ué—%fiEl(%;_g—i;‘)
in which |
Uy = axial velocity component,
ur = radial u " ‘
x;' , xi" = distance of front or rear end of source

streteh from the propeller plane.
Herewith the necessary values for the design are obtained.

We must first determine the best thrust distribution before
undertaking the constructive calculation of the propeller. This
is determined on the prirciple that the efficiency must be made
as great as possible, i.e., tpat the losses in the energy trans-—
formation must be as small as possible., We here disregard the
friction losses, which are of slight importance from this view-
point. We wmust then regard the kinetic energy in the slip stream
as small. In considering the energy in the slip stream far be-
hind. the fuselage, we disregard the contractien due to the ac—
tion of the propeiler and the disturbances in the flow caused
by the taill group, etc. Let wyx! Wyt Ty represént the velcci-
ties and radii in the propeller plane; w!'red®W red Tred, the
~oorresponding values (located on the same streamline) in the flow
~behind the fuselage. As in the case of the detached propeller,

we then have the condition
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Rreg - red\ w'2 I‘ed T 1oq '3 red
o/ {U ¥ ( 3 > Tred 4 Tred = Min.,
whereby Rred

w?
BTT’Y f (U + ged’\ wl red Tred d Tyred

is given. wlypeq 1s the axial velocity to be added and
T'red, Wiped is the resulting peripheral velocity on the radius
T in the slip stream. We can best determine Rreq from the

condition that

R
3T [ Uy Ty d Ty = U RPpeg ™
o
in which
R = propeller radius;
U = alr speed
and uy = axial velocity in the propeller plane.

We then have

Hredux
Rreq = / 3 of 7 Tx & Tx.

The integral is easy to determine graphically. Again it follows

from the minimum condition that

e = U d s
i= : v ~

d 12 ao T2 w?
— Q w'%ea Q r'%eq ' %ed

3 3

is to be kept oonstant'along the radius, d8 being a thrust el-
ement and dQ - being the mass of air flowing through a circular
element per unit of time. On further introducing 4§ = dQ wt,

we obtain
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Ny = 15 2 = const.,
1+ W‘red T"red ¥ red ‘
2 U 2 U wreg

or, finally, as the condition for the best thrust distribution,

2 wl«? )
I"red ~_Ted = ¢ Uy [c = const. ]
w!'red

w!'peq +

with the subordinate condition .
Rreqd . :
w
3”'~ f (U + ged) W!'red Tred ¢ Treqa = S-
The gimple relation
Tred © red = Wred Mred,

which exists for the detached propeller, no longer obtains here,

but we have the following relaticns in which A = effeotive

pitch angle and A!' = "induced" pitch angle.
Ty Wl = we' At o= wel Ay %% (analogous to detached propeller),
. 1 °
u
wx! = W'red —=,
Ay = Ug _ U Uy Tred

Tx @ Treqw U Tx '’

: - v ‘
(rreq @lreq) = (rx 0x') E“za (from the constancy of the spiral).
Te

It then follows that

4 1
Tred w'red = W!'ped (——\ Ared i = W'peq X,

x Dbeing variable along the radius and dependent on the shape
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of the fuselage and on the pitch angle of the propeller. The
~condition for the best thrust distribution now reads

w'peeg (1 + x3) = o U.

The constant ¢ 1is found from the equation for the total

thrust ﬁred

s=3anY s (U + C- N2l rreq d Treg.
go (1+x )71+ x2}

The values of w' can be calculated for any value of ¢,
but most conveniently for ¢ = 1. (M3 is estimated at first.
A small error in estimating does not appreciably affect the
subsequent calculation.) We determine graphically the inte-

grals

Rred
- U2.f ( L Nrregq a Tred = a
1 + x*/
and PLred

g

ry ] l
m =T —_—— d r = D.
g S <l 2/ red red

We then have

whence
— a a2 S
C = - = + —ge + =

2b (-)../ 4b

We now have all the requisite data for the determination
~of the thrust distribution and also the induced efficiency of
the propeller

‘1
1+

Ny =

o
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The allowance for the finite number of blades can now be
'wmédelin”fhé“§amé way as for the detached propeller.,  The propel-
ler thrusf Se , which would be attained with an Infinite num-

ber of blades, is made the basis of the calculation. It de-

pends on the desired thrust according to the well—known formula

2

S°°=S( L N ’
\1 - 1.39 sinB /
7

¥ (B is here given by the pitch angle of the blade tips, and =z

4
? is the number of blades. See Bienen and Von Karman.)

. With this value 8Se we must now determine c¢. Then the

f‘ values of the théust elements d 8 and also w' must be multi-
) plied by the k values, which are likewise given in the arti-
% cle by Bienen and Von Karman. The further constructional com-

;’ putation is made in just the same way as for detached propel-

% lers. From ;

% d8 = dA cos B' — dW sinpB'

' = ¢, 2td zy (u® + 1.7 w°)

| él (1 — ¢ Ag') cos By!

3 g

ﬁi (dA = 1ift and AW = drag of the blade eiement) and

‘m | . ag = J U+W'Ted\ w! 2 r mTdr X

T T8 ( 5, " red “red red
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we obtain t
W' regd
8 Tred T d Tregd (U + *“§§“> W'red

d rx rx® w2 (Mx® + 1) 1L - € Ag) cos By

= X . BTTUz C +l(C \
Ty, w° (e +1) (1 -c¢ Ax!) cos By! [l + x2 2 M o+ x?/ ]

(z = number of blades,

t = choxrd of blade section or profile,

Cqg = L11ft coefficient,

€ = drag-1ift ratio of pre¢file for
infinite span,

Kxﬂ= Ay M,

B = arc tan A.)

The correct pitches can also be given the blade sections
from the previously found inflow velocities. Any consideration
of the radial velocities, which necessitate a lengthening of
the effective blade chord and a reduction in the angle of attack,
is not generally necessary. The whole process requires but
little more time than the construction of detached propellers
in the usual manner,

An example will illustrate the application of the method.
Let us suppose that a propeller is to be designed for an air-
plane having a fuselage with a maximum diameter of 1 m (Fig. 3).
The R.P.M. of the engine shaft is n = 1200. The air speed

for mormal horigzontal flight is estimated in advance to be
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v = 24 m/s. The desired thrust § = 40 kg. The maximum allowa-

ble propeller diameter D =2 m. First the nose of the fuselage

is replaced by sources.  Four source stretches are then adopted:

Figure 4 shows their location, as alsc the location of the chosen

reference points. The following table contains the values Cin;

which are determined from the values Pi', Piyx" taken from

Figure 3.
1 2 3 4
I 1.0 1.285 1.435 1.55
III 0.475 0.75 1.0 1.2
IV 0.2375 0.575 0.775 1.0
The values cji and T, (likewise taken from Figure 3)

give the edquations
1.0 z, + 0.65 z, + 0,475 + 0.375 z, = 8.6,
l.885 2z, + 1.0 zo + 0.75 + 0.575 z4 = 16.0
1.425 gz, + 1.3 25 + 1.0 + 0.775 1z, = 20.6,

By estimating and verifying we obtain, as

~solution, the values

3 Za

20,

an approximate

Z4=""8.

from which we calculate the veloclity distributicon as shown in
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Figure 5,‘5nd further, from the continuity condition, the corre-

sponding Tadii Tp.gq and . The value of -Ms, which is re-

quired for the determination of x, we estimate as follows.
For the detached propeller, according to Bienen and Von

Xarman, we have

ny = o A?)

3 (1 _
1 +V/If:7; 3
in which 0 represents the load intensity of a propeller with
an infinite number of blades. Here we obtain 73 = 0.89. By
using the load intensity corresponding to the "reduced propeller
slip stream" for the determination of TNy, we get 1Ny = 0.88.

The correct value of mn3; 1lies between these two. The

above-described calculation gives ¢ = 0.236 and 7N3; = 0.884.
The accurate determination of M3 in this case is really super-
fluous. It would be sufficient to calculate x and ¢ Ifrom
the estimated value. Figure 5 shows the thrust distribution
according to the above—~described calculation method and also for
the corresponding detached propeller.
Translation by Dwight M. Hiner,

National Advisgory Committee
for Aeronautics.
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Figs.1,2,3,4,5
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